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Abstract 
This paper presents the result of experimental investigations which were conducted to assess the subjective response of seated human subjects 
under vertical harmonic vibrations. 12 human males were subjected to amplitudes of excitation (0.5, 1.0 and 1.5 m/s2 rms) and frequencies of 5, 
8, 12, 16 and 20 Hz. The effect of backrest inclination was studied for inclination angle of 0˚, 15˚ and 30˚. The responses from all the subjects 
in form of vibrations being felt by them at different body segments, their severity and significance and comfort level were recorded in 
subjective form.  The results of the responses have been presented in the form of a pictorial representation. It has been observed that at low 
frequency excitations whole body vibrations (WBV) and upper portion of the body respond with mild to moderate vibrations. At high 
frequency excitations the lower portion of the body, which is close to the point of excitation, responds significantly. The response at excitation 
frequency closer to natural frequencies of different body segments is clearly evidenced in the form of vibratory effect on those segments.  By 
and large with the increase in inclination of back rest, comfort level increases along with the shift of responding segments in certain cases. 
© 2016 The Authors. Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of the Organizing Committee of ICIAME 2016. 
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1. Introduction 
Studies on the behavior of the seated human body exposed to whole-body vibration (WBV) since its first applications to 
defence sectors [1] to the present issues of spinal disorders and low back pain (LBP) among the operators of vibrating machinery 
[2, 3] have always been an important area of research. In a seated posture, humans are most sensitive to whole-body vibrations 
under low-frequency excitation; therefore, biodynamic responses of a seated human body when exposed to vertical vibrations 
have attracted much attention through the years. Moreover, knowledge of the human responses to vibrations requires an 
understanding of the cause-effect relationships among the transmission of vibrations through the body and its health, comfort and 
performance [4]. 
 
Discomfort estimation using experimental methods is time-consuming and need much effort. The mechanical response of 
human body can be predicted well by using biomechanical modeling in vibrating environment [5]. Mathematical models of the 
human body have been used for estimating and predicting human vibration response and may be useful tools for optimizing 
civilian and military vehicle seating system designs for vibration mitigation [6, 7, 8]. 
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Nomenclature 
A arms       LL lower legs 
Ab abdomen      LB lower back 
B back       N neck  
C chest       S shoulders 
F feet       UL upper legs 
H head       UB upper back 
Hp hips       WBV whole body vibration 
Hs hands       * Moderate to severe vibrations experienced 
 
  
Several studies have shown that the transmission of vertical vibrations to the head of seated subjects is influenced by backrests 
[9, 10, 11, 12]. The presence of a backrest vibrating vertically with the seat often increases the magnitude of vibration at the 
head. Change in body posture when leaning against a backrest may alter the transmission of vibrations through the body. The 
effects of vertical vibration can be further complicated by resonances in the backrest. A backrest can reduce vertical vibration in 
the body when the magnitudes of vertical backrest vibration are less than those at the back of the body. This may occur when seat 
cushions have high amplifications at resonance [13].  
Car seats have inclined backrests and inclined seat-pans, but there has been little study on how the inclinations of the surface 
of a seat influence the vibration through the backrest. Investigations were conducted for two seats (a car seat and a rigid seat with 
solid foam backrest). With 12 subjects, each seat was exposed to vibration in the frequency range 0.25-20 Hz with a vibration 
magnitude of 0.4 ms-2. It was concluded that both the backrest inclination and the seat inclination affect the transmission of 
vibrations through backrests. But, with moderate changes of inclination, the effects are not large [14].  
Every object (or mass) has a resonant frequency. When an object is vibrated at its resonant frequency, the maximum 
amplitude of its vibration will be greater than the original amplitude (i.e. the vibration is amplified). Vibrations in the frequency 
range of 0.5 Hz to 80 Hz have significant effects on the human body. Individual body members and organs have their own 
resonant frequencies and do not vibrate as a single mass, with its own natural frequency. This causes amplification of input 
vibrations by certain parts of the body due to their own resonant frequencies. The most effective resonant frequencies for vertical 
vibration lie between 4 and 8 Hz [15]. 
Literature review has indicated the involvement of researchers in analytical modelling of human body in terms of stiffness, 
damping and mass of the body segments and the results obtained have been validated in the form of seat-to-head transmissibility 
(STHT), driving point mechanical impedance (DPMI) and apparent mass (AM). Not much work has been reported on the 
subjective response aspects of human beings when exposed to different vibrating conditions. The present work is an attempt to 
address this research gap.   
The objective of this paper is to assess the subjective response of seated human subjects subjected to vertical harmonic 
vibrations. In order to achieve this goal, 12 human male subjects were chosen and were subjected to different levels of excitation 
amplitudes and frequencies. Their common subjective response in the form of vibrations being felt by them at different body 
segments, their severity, significance and comfort level were recorded in subjective form. The results of the responses have been 
presented and discussed in the form of a pictorial representation. 
 
2. Methodology 
In the present study, non-invasive experimental investigations were conducted to assess the response of seated human subjects 
exposed to vertical harmonic vibrations. 12 human male subjects were subjected to different amplitudes of excitation (0.5, 1.0 
and 1.5 m/s2 rms) and frequencies of 5, 8, 12, 16 and 20 Hz. Experiments were performed for three different sitting postures with 
variation in backrest inclination 0˚, 15˚ and 30˚. The postures and parameters considered in this study intended to represent the 
seated human body while travelling. 
  
2.1 Experimental conditions 
i. Human subjects were sitting with backrest support and hands resting on laps;  
ii. The feet were resting on the floor (source of excitation) and thus vibrated;  
iii. Data sets acquired under vibration excitations were constrained to be in the vertical direction;  
iv. Each subject was exposed to vibration for 60 seconds; 
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2.2 Experimental set-up: 
The study was conducted on the vibration simulator (shown in Fig. 1) in natural laboratory environment, developed in Vehicle 
Dynamics Laboratory, IIT Roorkee, Roorkee (India). It consisted of a platform of 2 m x 2 m size made up of stainless steel 
corrugated sheets, on which a table and two rigid chairs have been securely fixed (Fig. 1). The backrest of the chair was rigid, flat 
and vertical.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The seat, backrest and table had no resonances within the frequency range studied (1 to 20 Hz) in any of the three axes. Three 
electro-dynamic vibration exciters were used to provide vibration stimuli simultaneously to the platform in three axes; 
longitudinal (x-axis), lateral (y-axis) and vertical (z-axis). Each vibration exciter has a force capacity of 1,000 N with a stroke 
length of 25 mm. 
 
Fig. 2. Sitting human subjects during experimentation with backrest inclination angle of (a) 0˚; (b) 15˚; (c) 30˚ 
Fig. 1. Schematic representation of experimental set-up 
(a) (b) (c) 
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2.3 Subjects 
Twelve healthy male subjects (20 to 26 years of age) with no prior history of back injuries or lower back pain (LBP) were 
selected for this study. Fig. 2 shows sitting human subjects during experimentation with backrest inclination angle of (a) 0˚; (b) 
15˚; (c) 30˚. The standing height of subjects ranged from 164 to 181cm; SD: 5.27 cm, while the standing mass varied from 63 to 
92 kg (mean: 75.08 kg; SD: 8.56 kg). Anthropometric data of all the subjects are given in Table 1. 
 
 
 
 
2.4 Natural frequency of human body segments 
Natural frequencies of some of the human body segments along with the reported symptoms relating to discomfort and pains 
are given below in Table 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The pictorial representations given in Fig. 3, 4 and 5 by, and large, are well correlated with the values given in Table 2, 
indicating occurrence of resonance in body segments at different excitations frequencies.  
S. No. Subject Age (Yrs) Weight (Kg) Height (cm) BMI (Kg/m2) 
1. S1 21 76 177 24.26 
2. S2 21 71 170 24.56 
3. S3 24 67 181 20.45 
4. S4 26 92 177 29.36 
5. S5 20 69 172 23.32 
6. S6 24 63 164 23.42 
7. S7 21 65 171 22.23 
8. S8 23 83 166 30.12 
9. S9 23 79 179 24.66 
10. S10 25 73 172 24.68 
11. S11 24 87 170 30.10 
12. S12 26 76 180 23.46 
Mean 23.17 75.08 173.25 25.05 
Standard Deviation 1.95 8.56 5.27 3.00 
Resonant Frequency of Human Body Segments Frequency (Hz) 
General feeling of discomfort 
Head 
4-9 
20-30 
Jaws 
Shoulder 
Arms 
6-8 
4-5 
5-10 
Chest pains 5-7 
Abdomen 
Back 
Legs  
4-10 
10-12 
2-20 
Table1. Anthropometric data of subjects 
Table 2.  Symptoms due to WBV and Resonant Frequency of Human Body Segments [16, 17] 
80   Ishbir Singh et al. /  Procedia Technology  23 ( 2016 )  76 – 83 
3. Results and Discussion 
The pictorial representation summarizes the vibratory response felt by the 12 subjects under different combinations of 
frequency and excitation amplitudes. Each block contains within it the body segments at which the subjects responded feeling of 
vibrations accompanied with discomfort of different levels. Comfort level of the subjects has been hypothesized on the basis of 
vibrations felt, irritation and number of body segments at which these were observed. 
      Fig. 3, 4 and 5 give pictorial representation of responses at different body segments when subjected to different amplitudes and 
frequencies for 0˚, 15˚ and 30˚ backrest inclination. 
3.1 Inclination Angle: 0˚ 
 
 
 
 
 
 
 
 
 
 
 
 
 
As is seen from the above pictorial representation most of the human subjects responded WBV at 5 Hz for all the excitation 
amplitudes resulting to a general feeling of discomfort. The responses corresponding to 8, 12, 16 and 20 Hz were limited to body 
segments as indicated in each block. It is clearly observed that results shown in Fig. 3 match with the resonant frequency of the 
individual body segments (as shown in Table 2). At a combination of 0.5 m/s2 rms and 12 Hz, transfer of vibrations from 
abdomen to chest is significantly felt by the subjects.  
3.2 Inclination Angle: 15˚ 
Some of the major observations made during experimentation based on the subjective response of 12 subjects under different 
combinations of frequencies and amplitudes are given below: 
x The subjects responded in terms of vibrations being felt at different body segments while subjected to vertical harmonic 
vibrations. It was observed that at a frequency of 5 Hz, whole body vibrations (WBV) were felt which particularly were 
significant at chest, shoulder and abdomen at an amplitude of 1.5 m/s2 indicating the upper body segments are affected 
more at higher value of excitation.  
x It was furhter seen that at higher excitation frequencies the lower body segments are predominantly affected as most of 
the subjects reported vibrations sensations in the lower part of the body which is close to the source of excitation. This 
may be due to resonant frequencies of the lower body segments nearing these excitation frequencies. 
x No specific trend was observed vis-à-vis the excitation amplitude at different frequencies barring the fact that some of 
the subjects responded slightly uncomfortable feeling in the mid portion of the body at higher amplitudes.  
 
Fig. 3. Pictorial representation of responses at different body segments when subjected to different amplitudes and 
frequencies at 0˚ backrest inclination 
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3.3 Inclination Angle: 30˚ 
In order to study the effect of increasing backrest inclination, experiments were performed at inclination angle of 30˚ and 
following observations were made: 
x The general trend of WBV being predominant at low frequency excitation continues. The vibrations being felt at the 
lower part of the body for high frequency excitation was again reported. However, the amount of vibrations at 
inclination of 30˚ was significantly lower than those at 15˚ and 0˚. 
x It is also seen that change of inclination causes the response to be felt by the subjects at upper portion for some 
combinations of frequency and excitation amplituded and in the middle portion in some other combinations. No 
particular trend is observed in this regard.  
x In general the comfort level reported by most of the subjects was more when the inclination angle of backrest was 
increased. 
 
The results shown in Fig. 3, 4 and 5 clearly show that some subjects reported mild vibrations with tickling at feet at high 
frequencies (around 20 Hz), whereas in mid frequency range (8 to 16 Hz) transfer of vibrations through the body was clearly 
noticed. At excitation amplitude of 1.5 m/s2, comfort level increased with increase in frequency from 5 to 20 Hz. Most of subjects 
were uncomfortable at amplitude of 1.5 m/s2 and frequency of 5 Hz and reported the response as irritating. At the same amplitude 
(1.5 m/s2) within frequency range of 8 to 16 Hz most of the subjects reported pressure on chest, weight on chest etc. But at same 
amplitude with frequency of 20 Hz most of subjects were comfortable. 
 
Fig. 4. Pictorial representation of responses at different body segments when subjected to different amplitudes and 
frequencies at 15˚ backrest inclination 
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It was observed that at excitation frequency of 5 Hz, which is matching with the fundamental natural frequency the response of 
all the subjects at all amplitudes, is in the form of WBV. Whereas, at 20 Hz excitation, the response is limited to lower part of the 
body like feet, LL and UL only which are closer to the source of excitation. In the mid-frequency range the response widely 
varies from a feeling of discomfort at different body segments and in certain situations mild to moderate vibrations were felt by 
the subjects. It was also observed that with increase in inclination of back rest, comfort level of human subjects also increases. 
The results obtained in this study have been clearly validated with the previous studies [13, 16, 17, 18]. Results obtained in this 
study are similar to those specified in ISO 2631-1 [19] that are based on subjective comfort and perception data.  
 
4. Conclusions 
Studies undertaken revealed the following: 
x Effect of frequency: At low frequencies same vibrations are transmitted throughout the whole body. At slightly higher 
frequencies resonance in various body segments amplify the motion and overall discomfort is accompanied by 
sensations in different parts of the body (abdomen, chest, shoulders etc.). Further increase in frequency leads to 
increasing vibration in the body and localization of discomfort finally shifts to close proximity of the source of 
vibrations (feet). 
x Effect of amplitude: With increase in amplitude, comfort level decreases as moderate to severe vibrations were 
experienced by the subjects. There is increase in vibration sensation with increase in magnitude. This can be attributed 
to Steven’s power law which suggests that the psycho-physical magnitude of the stimulus is related to its physical 
magnitude.  
 
Fig. 5. Pictorial representation of responses at different body segments when subjected to different amplitudes and 
frequencies at 30˚ backrest inclination 
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x Effect of backrest inclination: With increase in backrest inclination angle from 0˚ to 15˚ to 30˚, comfort level of 
human subjects also increases. The common response from the subjects clearly indicated that number of the body 
segments which showed vibratory effects was less when the inclination angle increases. This is particularly true for high 
frequency excitations (which correspond to lower body segments) and low excitation amplitudes. It is also observed that 
corresponding to the fundamental body resonance of 5 Hz the effect of backrest inclination is not considerable as in all 
cases WBV is predominant.   This may be due to the fact that with increase in angle pressure on the intervertebral discs 
is minimal; and stress on the back (disc pressure) decreases. 
The summarized responses have been concluded and these could be applied judiciously in the design of driving seat and backrest 
inclination such that comfort level of drivers and passengers is enhanced.  
5. Scope of Future Work 
Effect of cushion at seat and backrest with varying cushion density can be further studied to supplement the observations and 
conclusions drawn from the present study.  
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